The spatial data of satellite image is determined by integration of geometry of imaging sensor and positioning sensors as GPS and star tracking systems. Sensor model is obtained using image geometry and system calibration parameters. Sensor model is not available but Rational Polynomial Function (RPC) model is provided as an alternative representation of sensor model. RPC model is used in determining spatial data for all features in the captured satellite image. The accuracy of geometric corrected image using RPC model may not be accepted for different applications. The availability of Ground Control Points (GCPs) is a motivation of this research paper in enhancing the accuracy of resultant RPC geometric correction image using GCPs. The available data is a high resolution satellite image which is captured by IKONOS2 senor. The RPC file with its parameters is available with seven GCPs from ground survey with high accuracy. The RPC model is used to get positioning information of the raw image pixels. The accuracy of the resultant image is tested against available GCPs. Some of available GCPs are added to RPC model with 1 st order polynomial mathematical model (affine transformation) in image geometric correction process using ERDAS imagine software. The accuracy for each case of the resultant corrected image using both RPC and GCPs is tested against all the seven available GCPs. The accuracy assessment of the accuracy of resultant image is applied to get not only the improvement quality but also the suitable number of GCPs for enhancing accuracy of RPC geometric correction. Adding GCPs enhanced the accuracy of RPC geometric correction from around (10.0:20.0) meter accuracy to (1.0:5.0) meter accuracy with 80% improvement factor.
Introduction
The satellite imaging system consists of many sensors, image capturing, positioning and navigation systems. They are located in certain positions with respect to each other. The relations between satellite sensors have to be determined by system calibration procedures. The system calibration parameters with the geometry of imaging sensor form physical sensor model as shown in Fig. 1 (a) [1] . Sensor model is not available for many sensors to get the spatial information for each imaging pixel. Rational Polynomial Coefficient (RPC) is used 2/12 instead of sensor model for geometric correction process and 3D reconstruction of captured images as shown in Fig. 1 (b) [2] . RPC can be provided by the satellite vendors because it is difficult for the users to derive the sensor parameters; As RPC contains many parameters that do not have physical interpretation for the order and terms of these coefficients [2] [3] . RPC is defined as Rational Polynomial Camera coefficient or Rapid Positioning Capability because it is used to transform image pixels from image space to ground space [3] . RPC transform image pixels ( ) to ground positions (U, V & w) by using ratio of third order polynomial equations as shown in Equation (1) . RPC equations consists of four polynomial , , ) and . Each polynomial contains 20 coefficients as represented in Equation (2) , (3), (4) and (5) . RPCs comprise 80 coefficients with 10 extra scale and offset terms as shown in Table 1 for IKONOS satellite sensor [4] [5] . RPC is considered as a simpler representation of sensor geometry and calibration parameters instead of lacking of the complicated physical sensor model [1] [6] [7] [3] . 
Where ( , ) are line and sample in the image coordinates, (U, V, W) are lat., long. And height in the ground coordinates [8] [4].
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Where: , , , are the coefficient of first, second, third and fourth polynomial [4, 5] 
RPC Refinement Methods
The formation of RPC depends on exterior and interior orientation parameters of the on board satellite imaging and positioning sensors. The orientation parameters of on board sensors contain biases and random errors in common that reflect on the accuracy of the constructed RPC. The accuracy of geometrically corrected images using RPC model may not be accepted for different applications. The RPC model should be refined by integration with data from accurate positioning sensors and/or data from ground surveying process as Ground Control Points (GCPs) [5] [9] . The RPC refinement can be implemented using two methods (direct or indirect) method. Direct refining methods modify the original RPCs by updating the original rational polynomial coefficients themselves, but indirect refining methods do not change the original RPCs directly, it uses a complementary transformation in image space or object space [3] [5] [2] . Indirect refinement methods are most commonly used methods as it doesn't change the original RPC. To implement refinement to RPC model it needs to append a complementary transformation in the image space at the right side of the Equation (1) to eliminate the existing errors. There are many researches use indirect refinement methods with the RPC, such as (Kumar, 2006 ) the research applied a refinement to the RPC by adding eight GCPs to CARTOSAT -1 stereo data, and errors in the resultant images were reduced from 150 m to 5 m [10] . (Cho et al., 2003) proposed two methods for generation of DEM with IKONOS using modified RPCs with addition of 5 GCPs; The research concluded that this refinement reduced the error by 50% for IKONOS satellite images [9] . (Toutin, 2003) investigated that the accuracy of available GCP affects the number of needed GCPs for refinement process to get required accuracy in case of IKONOS satellite images [11] . (Fraser et al., 2006) uses bias compensated RPC block adjustment method as indirect procedure for RPC refinement in case of both IKONOS and Quick bird images; The accuracy of the resultant corrected image using this method is sub pixel accuracy. This method gave the expected accuracy in case of using camera with narrow angular field of view only with small position and attitude errors [12] . The objective of this research is to investigate the effect of using GCPs on RPC refinement process. The research concentrated on how to effectively improve the geometric accuracy of the RPC sensor model in order to fulfill the user requirement accuracy using minimum number of GCPs. This paper presents a series of experiments using RPC file only then make refinement using different number of GCPs. The complementary geometric correction process using GCPs is applied by 1 st order polynomial mathematical model. Fig. 2 . The image data contains its RPC file as shown in Table 1 . Also, Seven Ground Control Points (GCPs) are available from ground survey for the same area of study with WGS84 datum and Latitude and Longitude projection with accuracy of sub-pixel accuracy as shown in Table 2 . 
Area of Study

Methodologies
Since orientation parameters of on board sensors contain biases and random errors in common that affect the accuracy of the constructed RPC, so the results of the original RPC can be postprocessed with a polynomial adjustment and several accurate GCPs in order to enhance the positioning accuracy of original RPC. ERDAS IMAGINE software computes the polynomial adjustment math model for each image as shown in Equation (6).
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Where , , , … and , , , … are the are correction coefficients. , are the line and sample coordinates of an image , are the adjustable functions expressing the differences between the measured and the nominal line and sample coordinates.
The ERDAS IMAGINE software supports zero, first, second and third order RPC polynomial adjustments. But in general for IKONOS, an affine transformation or a translation for the simplest case is often used as shown in Equation (7) Where , , , … and , , , … are correction coefficients. , are the line and sample coordinates of an image , are the adjustable functions expressing the differences between the measured and the nominal line and sample coordinates.
The research uses an affine transformation to correct the RPC of IKONOS imagery with different number of GCPs, in order to investigate the required number of GCPs to obtain accuracy of sub pixels.
Research Algorithm and Cases of Study
The experimental work is applied using Earth Resources Data Analysis System (ERDAS) Imagine Software version 2013. Input available data are raw IKONOS2 image, with its RPC file and seven GCP from ground survey for the study area as mentioned in the previous section. Fig. 4 shows the input image containing the distribution of the seven available GCP. The work flow of this research algorithm is shown in Fig. 3 . The input image is corrected firstly by using its RPC file only and check accuracy using the seven available GCPs. Secondly, The refinement of RPC correction process is applied using 1 st order polynomial with the RPC mode with different number of GCP in four cases of study; case 1 using 4 GCPs, case 2 using 5 GCPs, case 3 using 6 GCPs and case 4 using 7 GCPs. The used 4GCPs, 5GCPs, 6GCPs and 7GCPs are with specific distribution that gives better results regarding to the previous research [13] . The objective of this research is to investigate the minimum number of GCPs to improve the positioning accuracy of RPC model. 
Experimental Results and Assessment
This section shows the results of geometric correction of input image using RPC only and using seven available GCPs to check the accuracy of the resultant image. Then the geometric correction is repeated using RPC with aiding of affine transformation model with different number of existing GCPs and check the accuracy of each case of study using all the seven available GCPs.
Geometric correction using RPC file only
The Ikonos2 satellite image was rectified using only its RPC file. The positioning accuracy is tested using the seven available GCPs in order to investigate the positioning errors range in each point. Table 3 shows the positing errors in each point of the 7 GCPs for this experiment. The refinement of geometric correction results using RPC only is applied using GCPs using 1st order polynomial. The refinement results are tested using different number of GCPs forming four cases of study.
Case 1 using four GCP
Four GCPs are used in refinement the geometric correction results of Ikonos2 satellite image when using RPC only. Four points with IDs 1, 2, 3, and 6 are selected in the refinement process and the positioning accuracy in that case is tested using the available 7 GCP from ground survey. Table 4 shows the RMS errors in each point used in case1 and TRMS errors and Table 5 shows the positing errors in each point of the 7 GCP in this case of study. 
Case 2 using five GCP
Five GCPs are used in refinement the geometric correction results of Ikonos2 satellite image when using RPC only. Five points with IDs 1, 3, 4, 5 and 6 are selected in the refinement process and the positioning accuracy in that case is tested using the available 7 GCP from ground survey. Table 6 shows the RMS errors in each point used in case 2 and TRMS errors and Table 7 shows the positing errors in each point of the 7GCP for case 2 
Case 3 using six GCP
Six GCPs are used in refinement the geometric correction results of Ikonos2 satellite image when using RPC only. Six points with IDs 1, 2, 3, 4, 5 and 6 are selected in the refinement process and the positioning accuracy in that case is tested using the available 7 GCP from
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ground survey. Table 8 shows the RMS errors in each point used in case 3 and TRMS errors. Table 9 shows the positing errors in each point of the 7GCP for case 3. 
Case 4 using seven GCP
Seven GCPs are used in refinement the geometric correction results of Ikonos2 satellite image when using RPC only. Seven points with IDs 1, 2, 3, 4, 5, 6 and 7 are selected in the refinement process and the positioning accuracy in that case is tested using the available 7 GCP from ground survey. Table 10 shows the RMS errors in each point used in case 4 and TRMS errors. Table 11 shows the positing errors in each point of the 7GCP for case 3. 
Conclusions
In this paper, briefly illustrates the difference between physical sensor model and rational polynomial coefficient model was presented. The new challenge is the utilized of the RPC functional model which is provided by satellite vendors instead of PM models to be used in photogrammetric processing, correction processes and 3D reconstruction. However, the desired positioning accuracy when using RPC model may not satisfy image users to be used for different applications. sub pixel accuracy are enough with study area same like used in the research as possible. This are concluded by compering firstly, TRMSE that represents the overall error value for all cases of refinement and of all cases case 1 (using 4 GCPs) gives the minimum value (0.0139). Also, by compering linear errors in the seven available GCPs for all cases of refinement, its clearly identified that case 1(4GCPs) are sufficient, as it uses minimum number of GCPs that preserve time consuming and saving money.
